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The latest communications dealing with the possibility of antibody formation
in tissue cultures to which an antigen has been added in vitro show that antibodies
are not formed under these conditions (Parker 1937, Salle and McOmie 1937, Selmar
1944, Fastier 1948). Positive antibody formation in tissue cultures can be demon-
strated only if the tissue used for culturing is taken from an animal which has been
immunised in vivo (Meyer and Loewenthal 1927, Parker 1937, Fagraeus 1948a,
Ranney and London 1951, Thorbecke and Keuning 1953, Tanaka 1953, Stavitsky
1955, Askonas and Humphrey 1955). These results give evidence, as concluded by
Parker (1937), that the first phase of the reaction to an antigen takes place only
under the conditions of the organism.

It was assumed by the author that the non-specific mobilisation reaction which
occurs in the organism following administration of an antigen, directly participated
in antibody formation. This reaction is displayed both in biochemical and physiolo-
gical changes (changes in the blood sugar level, temperature, the number of leuco-
cytes, etc.) and also in changes of a morphological character in the mesenchymal
tissue (Fagraeus 1948b, Marshall and White 1950, Makinodan et al. 1954).

The present communication attempts to establish to what degree antibody form-
ation is dependent on the non-specific metabolic and morphological reaction of the
organism following administration of the antigen. The metabolic and morphological
changes were produced by a different antigen (guinea-pig serum); after a given
time (24 to 96 hours), the spleen was removed and the spleen cells isolated and
mixed with the antigen (Salmonella paratyphi B) in vitro. The mixture of spleen
cells and antigen was then administered intraperitoneally to young rabbits. These
had already proved to be the best animals for the transfer of immunised tissues in
previous experiments, as very young animals do not respond to an antigen by anti-
body formation (Sterzl 1955a). The same procedure was used with the controls, in
which the spleen cells of a normal, non-immunised animal were mixed with the
antigen.

Methods

" A non-specific antigenic stimulus was produced by injecting rabbits (2—3 kg.) intravenously with
1 ml. guinea-pig serum 24 — 96 hours prior to killing, as described in the individual experiments.

The spleen of both immunised and normal rabbits was removed and prepared in a cooled room at 2° C.
‘The cells were expressed from the spleen capsule into a chilled phosphate-physiological saline solution
with 0.29, gelatine. The individual cells were freed by repeated sucking into a pipette. For further
washing, which was carried out three times in the same solution, only a homogenous suspension of cells
was used. The final dilution was made by adding 1 ml. of fluid (suspension of antigen, in the controls
physiological saline) to 0.05 g. splenic tissue. In every experiment the number of cells was determined
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In a Biirker chamber; a suspension of cells prepared in this way contained on an average 30—40 < 10%
lymphoid cells/1 ml.

The antigen used was a heat-inactivated suspension of S. paratyphi B. The quantitative inter-rela-
tionship of spleen cells and antigen was one of the decisive factors for the experiment and is given in the
results. The mixture of spleen cells and antigen was incubated at 37 °C and then injected intraperitoneally
in doses of 1 ml. in 5-day-old rabbits. The incubation time varied in the different experiments and

precise details are given in the tables; in most

cases the time of mixing was 10 minutes.
— The times at which blood was collected from
the young rabbits by cardiac puncture are also
given in the tables. After collection, the sera
were stored at —15° C and agglutination was
carried out in every group at the same time. In
cases where it was necessary to remove lipoid
substances, the sera were shaken out with chlo-
roform (Sterzl 1955). The agglutination specimens
were stored in a refrigerator and the results read
off after 4, 6 and 8 days.

The cells were irradiated in a dish placed in
ice, in a layer not exceeding 1 mm. Irradiation
was carried out using a Mikrometa apparatus
(AEG — 50-X-ray tube) under the following
conditions: focal distance 10 ecm., Al 0.1, KV 50,
mA 6. With these constants the concentration
of irradiation is 430 r/10 seconds.

Fig 1. Transfer of spleen cells of normal rabbit
(40 x 108 cells/1 ml.) to two groups of young rabb-
its; mixed for 10 minutes: a) dashed — with anti-
gen S paratypht B in concentration of 100 x 16¢
microorganisms/1 ml., b) full — with antigen 500 X Results
X 108 micro-organisms/l ml. x: age of rabbits in
days; days on which blood collected denoted. y: titre .

of agglutinating antibodies. In the first experiments (Sterzl 1955),

in which the cells of a normal animal

were mixed with an antigen and trans-

. ferred intraperitoneally to young rabb-
its, no antibody formation was found.
8 In these experiments the amount of

antigen used was 10° bacterial cells in
1 ml. On reducing the amount of anti-
Py gen added to the cells in vitro, con-
clusive evidence of antibody formatiom
1 — ——  was found after a transfer to young
5 8w oA B % 3 rabbits. The optimal relationship be-
Fig. 2. Tsolated spleen cells (32 x 1091 ml) of Cween antigen and cells was therefore
rabbit immunised intravenously 24 hours previously 1nvest1gated. The results obtained hi-
~with 1 ml. guinea-pig serum. The cells were mixed therto show that the most satisfactory
in vitro with the antigen (108 micro-f)rganisms/ 1ml.) pI‘OpOI"DiOIl is 1—2 micro—organisms to
for 10 minutes.  and y: asin tab. 1. one spleen cell. A higher concentration
of the antigen inhibits antibody forma-

tion (fig. 1).

Antibody formation was found after mixing the antigen (S. paratyphe B.) with
spleen cells isolated from animals following non-specific stimulation with guinea-pig
serum. The experiments were carried out in 60 young rabbits from 10 litters. In all
groups where there had been antigenic stimulation by the administration of a foreign
serum 24—96 hours before removal of the spleen, followed by mixture of the spleen
cells with the antigen (S. paratyphi B) in vitro, antibodies which agglutinated the
specific antigen were found within a few days following intraperitoneal transfer to
young rabbits (fig. 2 and 3). No substantial increase in antibody formation was
found even when the cells were isolated from the spleen of an animal which had
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been immunised over a period of 14 days with five doses of guinea-pig serum
(fig. 4). This finding is of interest in view of the fact that during the first days after
non-specific immunisation an increasingly marked morphological reaction took place
in the spleen tissue in all experiments (an increase in the number of reticular cells,
plasmoblasts and plasmocytes and a transitory decrease in the lymphocytes — Holub
1957). Antibody formation was also demonstrated in experiments in which spleen
cells were isolated from an organism immunised in vivo with the specific antigen
(8. paratyphi B) and mixed with

the antigen in vitro (fig. 5).
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Fig. 3. Isolated spleen cells (41 x 10%1 ml.) of rabbit ———
immunised intravenously 72 hours previously with
1 ml. guinea-pig serum. Incubated in vitro with antigen 64 &
(108 micro-organisms/1 ml.) for 10 minutes and trans-

ferred intraperitoneally to group of young rabbits. z and 321

y:asin tab. 1.
ﬁ..
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| S S A S 7 y y T Fig 5. Isolated spleen cells (45 x 10%/1 ml.)
> 80P 2 20 25 30 3 from two rabbits immunised intrave-
Fig. 4. Spleen cells were isolated from the spleen of nously 72hours previously with 1 ml. anti-
rabbit No. 43 (35 x 10%1 ml.), which had been im- gen 8. paratyphi B (108 micro-organisms).
munised over a period of 14 days with five intravenous Half the cells transferred to young rabbits
doses of 1 ml. guinea-pig serum. These were mixed for A) only washed in physiological saline, B)
10 minutes in vitro with the antigen 10® micro-orga- incubated, after washing, with antigen for
nisms/l ml.) and after incubation were transferred 10 minutes (10® micro-organisms/1 ml.).
intraperitoneally to a group of young rabbits. z and y: as in tab. 1.

In further experiments carried out in eight groups of young rabbits, spleen cells
from normal animals which were mixed with the optimal amount of antigen were
transferred to the young animals. In all these experiments also there was clear
evidence of the formation of agglutinating antibodies (fig. 6).

Since spleen cells prepared in the same way and mixed with the optimal amount
of antigen did not form antibodies when cultured in tissue cultures (Rychlikové
and Sterzl 1957), it was necessary to eonsider whether the young rabbits did not
participate actively in the formation of antibodies. It was demonstrated, however
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Fig. 6. Isolated cells from normal rabbit (44 x 1051
ml.), mixed with antigen (108/1 ml.) for 10 minutes.
x and y: as in tab. 1.

5 s nwu 7 2 25 30
Fig. 7. Isolated spleen cells of normal rabbit (39 x
x 10%/1 ml.) and irradiated with 860 r (full), 1,000 r
(dashed) and 1,200 r (dash and dot), then mixed
with antigen (108 micro-organisms/1 ml.) for 10 min-

utes and injected intraperitoneally in young rabbits.
x and y: as in tab. 1.

s stk 17 2 25 30 3

Fig. 8. Isolated spleen cells (43 x 1061 ml.). Half
the cells not irradiated (dashed line), half irradiated
with 1,200 r (full line). After 4 hours incubation at
37°C mixed with antigen (108 micro-organisms) and
injected intraperitoneally in young rabbits.

in eight groups (55 animals) that if the
isolated cells are irradiated, antibodies
were formed only in those animals to
which cells not damaged by irradiation
had been administered. The cells which
go on to form antibodies are either those
which have received only small doses
of irradiation (fig. 7) or non-irradiated
cells (fig. 8). Doses of 1,000 and 1,200~
completely inhibit antibody formation.

The possibility of the active partici-
pation of the young animals in antibody
formation is likewise not supported by
the following finding: After transfer of
the cells, an initial phase of rapid de-
velopment of antibodies occurs, which
can be inhibited by irradiating the cells.
The second phase of the antibody re-
action is the active response of the
young animals to the antigen which is
transferred together with the cells, and
coincides chronologically with the de-
velopment of antibodies which takes
place when only the antigen is admin-
istered to young animals (20th—30th
day of life). In the transfer of cells
together with the antigen, therefore, the
question is not one of induction of the
active response of the young animals to
the antigen, as in that case active anti-
body formation would have to com-
mence shortly after transfer of the cells.
Nor could it be demonstrated that the
administration of a foreign antigen in
any way accelerated the response of
the young animals to the antigen. This
was demonstrated by an experiment
in which a different antigen (guinea-
pig serum) was first injected and the
antigen S. paratyphi B. was injected
seven days later. The formation of
antibodies was in no way speeded up
following this measure, as compared
with the controls (fig. 9). The author
regards the organism of the young
rabbits to which the spleen cells are
transferred, together with the antigen,
as passive, as a suitable culture medium
encouraging the development of the
cells and their complex biochemical

-processes which participate in the for-

mation of the antibodies.
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It was also wished to determine whether active processes take place in spleen
cells in the course of short-term incubation of the antigen with the cells in vitro.
It is possible that the antigen and spleen cells are simply transferred into a suitable
environment and that the actual reaction of antibody formation takes place only
within the young animal. There is evidence for this possibility in the fact that if
spleen cells from a nor-
mal adult rabbit were in-
jected in young rabbits |
and the antigen was not
injected until 24, 48 and 8
72 hours later (intraperi-
toneally), an antibody re-
action also occurred (fig. 5] l
10). This would indicate
that the transferred spleen
cells survive in the young
rabbit and that contact of Fig. 9. From a group of six young rabbits, four injected on the fifth
the antigen with them is  day of life with guinea-pig serum. Dash-dot: 2 ml. guinea-pig serum
also possible invivo. Anti- intraperitoneally. Dashed: 3 ml. guinea-pig serum. Full: controls

! . . P . .
bo dy formation was also w;'thout serum. Antigen (10® micro-organisms/1 ml.) administered by

. . ®intracardiac injection on 12th day of life. x and y: as in tab. 1.
demonstrated in cases in

which the spleen cells
were first injected intraperitoneally and the antigen was then injected into the blood
stream (intracardially — fig. 11). This experiment also indicates that cells transferred
intraperitoneally do not remain only locally, but that they find their way into the
internal organs of the animal, as demonstrated by Holub (1957).

An attempt was made to demonstrate the significance of the time for which the
cells are in contact with the antigen in vitro by washing out the antigen after incu-

5 2 1517921 24 28 32 7 44

T

128 N |
64 |
» ]
/ ‘ Fig. 10. Isolated spleen cells (28 X 10%/1 ml.) injected
/ n ‘ intraperitoneally in young rabbits. Full: cells mixed im-
SN mediately with 1 ml. antigen. Dashed: 1 ml. antigen in-
N jected intraperitoneally 24 hours after injection of spleen
cells. Dash-dot: 1ml antigen injected intraperitoneally
72 hours after injections of spleen cells. Dotted: spleen cells
y killed by heating to 56° C for 30 minutes and injected in
7 : young rabbits after being mixed with antigen. Concentra-
T J tion of antigen: 108 micro-organisms/ 1 ml. = and y: as
in tab. 1

67 9 11315 1B 21 24

bation together with the cells in vitro. In these experiments the cells were transferred
to four groups of young animals (21 in all). It was seen that washing out of the
superfluous antigen did not destroy the ability of the transferred cells to form anti-
bodies (fig. 12). The amount of antigen remaining in the cells was determined,
following destruction of the cells by freezing and thawing, by immunising adult
animals. In adult animals the amount of antigen added to the cells (108 micro-organ-
isms) gives an antibody titre of 1:512—1,024. Following immunisation with
destroyed cells, the antibody titre in rabbits averaged 1 : 32—64. Cells were trans-

~

9]

Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500014-0



Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500014-0

128+

64

324

6 O 18 22 2 I b
Fig. 11. Isolated spleen cells of rabbit immunised 72
hours previously with guinea-pig serum. After washing,
the cells were suspended in physiological saline (35 X
% 108 micro-organisms/1 ml.) and 1 ml. injected intra-
peritoneally. The antigen (10® micro-organisms) was
then injected into the blood stream by the intracardiac

route. x and y: as in tab. 1.
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Fig. 12. Spleen cells isolated from normal rabbit (39 X
% 108 micro-organisms/1 ml.) incubated together with
antigen (108 micro-organisms/1 ml.) for two hours at
37° C. After incubation superfluous antigen washed out
with gelat. physiological saline and cells injected intra-
peritoneally in doses of 1 ml. in group of young rabbits.
Part of the cells destroyed by freezing and thawing to
determine the amount of antigen in the cells. 2 and

y: as in tab. l.

ferred to two groups of youngrabb-
its (13 in all); half of these cells had
been incubated, together with the
antigen, in a thermostat and half in
a refrigerator. Following incubation
the cells were washed and it was
found that the cells incubated to-
gether with the antigen in the refri-
gerator did not form antibodies.
Although it is not possible to con-
clude from these experiments that
the initial biochemical processes of
antibody formation take place al-
ready in vitro, the results permit the
conclusion that in vitro the cells bind
the effective amount of antigen,
which is only part of the total a-
mount added.

Discussion

Antibody formation was obtained
on isolated spleen cells by mixing
them in the optimal proportion with
the antigen in vitro and transferring
them after incubation intraperitone-
ally to young rabbits. At the time
of our first communication on the
successful formation of antibodies
by isolated spleen cells (Sterzl and
Hrubesova 1955b), an extensive work
by Harris et al. was published (1955),
preceded by a preliminary commu-
nication (1954). Harris et al. suc-
ceeded in obtaining antibody forma-
tion on isolated cells of the lymphatic
glands, mixed with an antigen and
transferred to animals which had
undergone X-ray irradiation. Al-
though a different form of experi-
ment and a different antigen were
used, the results are basically the
same. Roberts and Dixon on the
other hand (1955), were unable to
demonstrate antibodies by mixing

the cells with the antigen in vitro and transferring the mixture to animals irradiated
with X-rays. They obtained positive results only when the animals had been
immunised in vivo. Our results do not confirm their findings. In our view, the
main cause of their negative results is the use of a protein antigen, as the demon-
stration of formed antibodies by precipitation is not a very sensitive method.

The main question is whether the formation of antibodies in a transfer of a mixture
of cells and antigen to young rabbits is not due to an active reaction on the part of
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the recipients. It was demonstrated that disorganisation of the vital processes of the
transferred cells—e. g. by irradiation—destroys the possibility of antibody formation
after their transfer to the young animals. This does not, of course, exclude the
possibility that irradiation destroys cell structures—e. g. mitochondria—which,
when transferred to young animals, induce a metabolic change which makes
the active reaction of the animals to the transferred antigen possible. This possibility
is not supported, however, by a further finding. Following transfer of the cells,
antibodies are formed in two chronologically separate phases. The first of these
depends on the function of the spleen cells, while the second is the actual active
response of the young rabbit to the antigen injected together with the cells. In the
experimental part it was shown that the active response is not speeded up in any
way as compared with injection of the antigen alone. If induction of a metabolic
state occurred, making a reaction to the antigen possible, then the persistent anti-
body level characteristic of active formation would be determined as the first
response, and not the typical curve of passive transfer. We regard the participation
of the young organism in the whole reaction as passive and simply as a suitable
medium for maintaining viability of the transferred cells and for the biochemical
processes essential in antibody formation.

Although in experiments with Rychlikova (1957) we were not successful in
demonstrating antibody formation in tissue culture, after the addition of antigen to
explanted tissue, it is concluded from these experiments that the chief difference as
compared with transfers to young rabbits lies in inadequate nutritional conditions
in the tissue cultures. We believe that improvement of the culture medium in tissue
cultures and dynamic conditions of cultivation will produce the same result—i. e.
antibody formation— as in a transfer to young rabbits.

It also remains to be explained why antibody formation by transferred cells is of
relatively short duration. Why does antibody formation decrease at a time when,
as has been demonstrated, the transferred cells still survive in the organism of the
young animal? It is possible that further generations of cells, which do not come
into contact with the antigen, do not form antibodies and that the metabolic change
(the production of antibodies) is not inherited by further generations of cells. In this
association it should also be borne in mind that this may be the manifestation of
a transplantation immunity response on the part of the recipient. Further experi-
ments are being carried out in an attempt to determine the basis of this phenomenon.

The finding that antibodies can be produced by isolated cells under suitable
conditions provides an answer to a number of questions. It defines the importance
of neurohumoral factors, primarily in the formation of the most suitable metabolic
conditions of the environment and of the metabolic level of the cells. On the other
hand, these experiments exclude the direct causal participation of nervous factors
and others in antibody formation. They are also an experimental reply to present
discussion on the significance of reflex processes for the formation of antibodies.
The finding of antibody formation in isolated cells permits attention to be con-
centrated on the stage of their development in which antibodies cannot be demon-
strated serologically either in cells or in serum. We are now embarking on these
investigations by studying metabolic changes which take place following contact
between antigen and cells and by studying the influence of antimetabolites and
radiation on the antibody reaction at cell level. At the same time the question arises
as to whether it will prove possible to bring about antibody formation following the
mixing of cell particles with the antigen in vitro. We raise this question because
antibody formation was transferred from immunised animals to young rabbits by
isolated mitochondria (Sterzl and Hrubesova 1955a).

Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500014-0



Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500014-0

Summary

Cells isolated from the spleen of an adult rabbit and mixed with an antigen in vitro
(S. paratyphi B.) form antibodies when injected intraperitoneally in 5-day-old
rabbits. At that age young rabbits do not respond to the transferred antigen by
antibody formation.

No differences were found in the degree of formation, whether the young rabbits
were injected with the cells of a normal rabbit, the spleen cells of a rabbit immunised
with a non-specific antigen (guinea-pig serum) or with the specific antigen (8. para-
typhi B.), after mixing with the antigen.

Antibody formation takes place in the presence of the optimal quantitative
relationship when mixing the cells and antigen in vitro. In a corpuscular antigen.
two micro-organisms of S. paratyphi B are added to one spleen cell. Larger doses of
the antigen inhibit antibody formation.

If isolated cells are irradiated, a dose of 860 r does not inhibit antibody formation.
while doses of 1,000—1,200 completely inhibit it. The transferred spleen cells of an
adult rabbit do not induce an active response to the antigen in young rabbits. The
participation of the recipient (the young rabbit) in antibody formation is regarded
as passive, i. e. the animal is regarded as a suitable culture medium for the trans-
ferred cells.

Cells injected into the organism survive; antibody formation can be evoked by the
injection of the antigen in young rabbits 24 and 72 hours after the injection of
washed spleen cells alone. Antibodies are also formed if the cells are injected intra-
peritoneally and the antigen is injected into the blood stream.

On mixing the cells with the antigen at 37 °C, the effective amount of antigen is
rapidly bound by the cells. The washing out of superfluous antigen following incu-
bation does not prevent the formation of antibodies.
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O6pasoBaHue aHTHUTEJ N30JNPOBAHHEMU KJIETKAMU CeJe3eHKH I10CJe
CMeIlleHIA ¢ aHTUTEHOM in vitro

f1. MITEPILJIb

Pezrome

HueTxn, w30 mpoBaHHEble U3 CeJIe3eHKN B3POCJOro KPOJIMKA M CMeIAaHHKe ¢ aHTH-
reHoM in vitro (S. paratyphi B) o6pasyior anTHTeNIa NpM BIPHICKMBAHNE B NMOJOCTH
GpromuHbl O-AHeBHBIM KpoimkaM. B 3ToM BospacTe Kpoibuata He pearmpylT Ha
BBeJIeHNe aHTUreHa oOpasoBaHUEM AHTHTE.

He nabmonanocs pasnmumii B 06pasoBaHMyU aHTHTEI B CIyYasix, KOIJa KPoIbuyaTaM
BBOJIAJIMCE NIOCJIe MX CMEINeHUs ¢ AaHTUTEHOM: KIeTKN HOPMAJIbHOTO KPOJIHKA, KIACTKI
U3 celle3eHKN KPOJMKA, UMMYHU3WPOBAHHOTO HeCHeNWPMYECKUM AHTHIeHOM (ChHIBO-
POTKOH MOPCKOH CBHHKH) MM jke cnemuduyeckmm antureHom (S. paratyphi B).

O6pasopaHne aHTHTe] OOYCJIOBIEHO ONTHUMAJBHEIM KOJMYECTBEHHBIM COOTHOMIE-
HHMEM CMeCH KJIeTOK M aHTUTeHa in vitro. ¥V KopUycKyJspHOro aHTHreHa Mbl HA
1 xneTKy cesieseHku npubaniuseM 2 MukpoGos S. paratyphi B. Bonee 3naunTesbabie
TO3bl AHTUTEHA TOAABIAKT 00pasoBaHHe AHTHTE.

Ecnn m3onmposannsie Kierku obaywaiorcsa 860 r, aTo He mogasnser o6pasoBanus
anturesn. O6nyuenne wierox 1000—1200 r napymaer o6pasosanne antuten. Ilepe-
HeceHNe KJETOK Celle3eHKM B3POCJOro KPOJIMKA He BHI3bIBAET AKTUBHONW peaKIuu
Ha aHTATeH Yy Kpojbuar. MH paccmaTpmBaeM ydacTHe pemunuenta (MOJIOZOTO
JKUBOTHOT0) B 00pa3oBaHUM aHTHTEN KAK NACCHBHOE, — KaK yuacTae 61aronpHATHOM
KYJBTHBAIMOHHON Cpebl JUIA IIePeHOCHMBIX KIICTOK.

Beenennbie B 0praHu3M KiIeTKHM BEDKMBAIOT: 06pa3oBaHye aHTHTEN MOMKHO BEI3BATh
IyTeM BIPBICKHBAHASA MOJIOJ(BIM FKMBOTHHIM aHTWIeHA uepe3 24 m 72 gaca mociie
BBe[leHUA TOJBKO IPOMBITBIX KJIETOK cejle3eHKH. AHThTena o6pasyercs m Toria,
€CJIM KIeTKH BBOJAT B IOJIOCTh OPIONMIMHEI, a8 aHTHT€H — B KPOBAHOE PYCIIO.

Hpn cmemmBanmn kieTox ¢ antureHom npum 37° C cBaAssBanme 5(QeKTHBHOrO
KOJIMYeCTBA AHTHTeHA KJIeTKAMHM IPOMCXORAT ObicTpo. BrIMEIBaHWe OCTaTKOB aHTH-
rega mocjie MHKy0anuu He Hapymaer o6pa3oBaHMA aHTHTEJ. '
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